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▼Methods for producing reliable single-strand DNA tem-
plates in 96-well format have been developed by a consider-
able number of genome laboratories, which have helped to
reduce the cost of automated DNA sequencing (Ref. 1, 2, 3).
By contrast, it seems that most of the double-stranded DNA
template purification protocols in 96-well format have been
produced mainly by manufacturers in kit form. Recently, a
method was published by Itoh et al. (Ref. 4) which uses a
multiscreen 1.0 µm fiberglass 96-well plate. This method
produces high-quality DNA efficiently and cost effectively.
We took advantage of this protocol and adapted it to run
on a Biomek 2000 (Beckman) robotic workstation by in-
troducing a vacuum manifold (Millipore; MAVM 09601) in
position A6 on the working surface and adjusting the pipet-
ting and dispensing volume of the 3-step protocol described
in the Beckman method. Furthermore, a Micro SSP gel sys-
tem (One Lambda; MGS96) was installed in position B6 to
load 96 DNA samples directly into a 0.8% agarose gel appa-
ratus. The entire procedure is described in detail below and
is performed by a mixture of automated (A) and manual
(M) steps.
Methods
1. Fill each 50 ml falcon tube with 10 ml LB medium and
100 µg/ml ampicillin (A). Pick a single bacterial colony
from a fresh agar plate containing 100 µg/ml ampi-
cillin with a sterile toothpick and insert into the tube.
Grow the bacteria cells at 37◦C on a G25 shaker (New
Brunswick Scientific) set at 300 rev/min for at least
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8 h. Routinely, we used DH-5 alpha (Life Technolo-
gies GIBCO-BRL) transformed with pBluescript SK− re-
combinant vector, and regularly obtained growth of
1 OD/ml.
2. Pellet the bacteria by centrifugation at 2000 rev/min
for 5 min at room temperature, resuspend in 1 ml TE
(Tris−EDTA buffer) and dispense in a sterile 96 deep-
well rack (M). Using the Beckman robot, transfer 70 µl
TE to the 96-well multiscreen fiberglass filter plate (Mil-
lipore; MAFB-NOB-10) positioned on a vacuum man-
ifold (Millipore; MAVM 09601) at position A6 on the
Biomek workstation and attached to a vacuum source
(A).
3. Wash the multiscreen fiberglass filter plate by passing
through 200 µl TE solution and aspirate the solution
using the vacuum pump (A).
4. Add 30 µl Solution I (50 mM glucose, 25 mM Tris−HCl
pH 8.0, 10 mM EDTA, 10 mg lysozyme, freshly pre-
pared) to the multiscreen fiberglass filter plate and re-
suspend the bacteria pellet by pipeting up and down
10 times. Incubate for 5 min at room temperature (Fig.
1a).
5. Lyse the cells by adding 60 µl of Solution II (0.2 N
NaOH, 1% SDS, freshly prepared) and pipet up and
down 5 times. Incubate for 5 min at room temperature
(A).
6. Add 178.5 µl of Solution III (0.7 M potassium acetate
pH 4.8, 5.3MGuanidine−HCl) and resuspend by pipet-
ing up and down 5 times. Incubate for 5 min at room
temperature (A).
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FIGURE 1. The Beckman Biomek 2000 workstation worksurface method. (a) In position A6, we positioned a vacuum manifold (Millipore; MAVM
09601) by raising the height of a pre-existing rack tool. (b) In position B6, we assembled the Micro SSP gel system (One Lambda; MGS96).
FIGURE 2. Row 1 containing 8 DNA samples prepared according to the method described above. DNA template (15 µl pBlueScriptSK− containing 3
kb insert cDNA) was loaded using the Beckman robot on an MicroSSP gel system apparatus holding an 0.8% agarose gel in 1X TBE (Tris−borate−EDTA)
buffer. The gel was run at 100 V for 15 min and then stained in 10 mg/ml ethidium bromide. The total amount of DNA per lane was estimated at 150 ng.
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FIGURE 3. A segment of an individual electropherogram sequence clone (5G corresponding to Fig. 2, G). Twenty-four microlitres DNA preparation
was divided in four tubes (6 µl each) and then dried under vacuum. Each tube was resuspended in 2 µl TE and used in a dye primer cycle sequencing
reaction with Thermosequenase enzyme and an ET-21 forward primer kit (Amersham) as described by the Amersham protocol. The reaction was loaded
on a 4.3% acrylamide sequencing gel at 4X speed run on a 377 ABI Prism sequencer (Perkin-Elmer) following the manufacturer’s protocol. A figure
showing the complete sequence electropherogram is available at http://www.tigem.it/TIGEM/SEQCORE/fig.3.gif
7. Apply vacuum to the manifold (M) and wash 5 times
with 200 µl 80% ethanol (A).
8. Wash the multiscreen fiberglass 96-well plate with
150 µl of 80% ethanol, 20% glycerol solution
(A).
9. Dry the fiberglass 96-well plate by holding for 20 min
under vacuum (M).
10. Resuspend the multiscreen fiberglass 96-well plate with
60 µl TE−RNase solution (40 µg/ml RNase A and
10 µg/ml RNase T1) (M), hold for 5 min at room tem-
perature and recover the DNA by aspiration under vac-
uum by setting a cycleplate 96 (Robbins Scientific) in
the recovering vacuummanifold space. Routinely, 85%
recovery can be achieved. Repeat this step once again to
recover a total of 100µl TE−RNase per well/sample. The
final DNA concentration measured is at least 10−15
ng/µl (A).
11. Transfer the cycleplate containing the remaining
100 µl TE−RNase solution to a multiblock and leave
at 37◦C for 30 min.
12. Load 18 µl solution corresponding to 15 µl DNA and
3 µl loading dye using the Beckman ‘agarose’ method
on a 0.8% agarose MicroSSP gel system to check the
DNA quantity and quality (A). Routinely, 30 µl DNA,
corresponding to one-third of the entire preparation,
are used for cycle sequencing reactions.
Summary
This method has been successfully used to prepare plas-
mid templates from conventional Escherichia coli strains
[INV alpha, TOP-10 (Invitrogen), XL1-Blue (Stratagene),
and HB101 (Life Technologies GIBCO-BRL)] and by us-
ing many different recombinant plasmid vectors (pUC se-
ries, pBlueScriptSK−, TA vector and pGEM). We did not
observe significant lane-to-lane variation in DNA yield.
The best DNA yield was obtained by processing 70 µl of
bacteria corresponding to 700 µl LB growth. In compari-
son with the previously mentioned method (Ref. 4), con-
sistent good-quality sequencing reactions were obtained
only if DNA elution was performed twice in TE-RNase so-
lution (Fig. 2). In general, we use one-third of the en-
tire preparation, corresponding to 300 ng/template, for a
dye primer cycle sequencing reaction, using ET primers
(Amersham) and Thermo sequenase enzyme (Amersham)
(Ref. 5; Fig. 3). The time spent per run was estimated
at 1 h per 96 plasmid templates. The price for each
individual DNA preparation has been estimated to be
0.50 US dollars and includes Beckman tips, solutions
and the fiberglass multiscreen plate. This is considerably
cheaper than most kits currently available. The 96 double-
strand Biomek 2000 plasmid preparation method is avail-
able by downloading the zip file from our Web site:
http://www.tigem.it/TIGEM/SEQCORE/protocols.html
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Products Used
Biomek 2000: Biomek 2000 from Beckman Coulter
Inc
vacuum manifold: vacuum manifold from Milli-
pore Corporation
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DH-5 alpha: DH-5 alpha from Life Technologies
(Gibco BRL)
vacuum manifold: vacuum manifold from Milli-
pore Corporation
INV alpha, TOP-10: INV alpha, TOP-10 from In-
vitrogen
XL1- Blue: XL1- Blue from Stratagene
HB101: HB101 from Life Technologies (Gibco BRL)
Primers: Primers fromOswel Research Products Ltd
Primers: Primers fromOswel Research Products Ltd
Sequenase: Sequenase from Amersham Pharmacia
Biotech
vacuum manifold: vacuum manifold from Milli-
pore Corporation
ET primers: ET primers from Amersham Pharmacia
Biotech
377 ABI Prism sequencer: 377 ABI Prism se-
quencer from PE Applied Biosystems
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